Worldwide public concern over climate change and the need to limit greenhouse gas ͑hereafter, GHG͒ emissions has increasingly motivated public officials to consider more stringent environmental regulation and standards. The authors argue that the development of a new international assurance standard on GHG disclosures is an appropriate response by the auditing and assurance profession to meet these challenges. At its December 2007 meeting, the International Auditing and Assurance Standards Board ͑hereafter, IAASB͒ approved a project to consider the development of such a standard aimed at promoting trust and confidence in disclosures of GHG emissions, including disclosures required under emissions trading schemes. The authors assess the types of disclosures that can be assured, and outline the issues involved in developing an international assurance standard on GHG emissions disclosures. The discussion synthesizes the insights gained from four international roundtables on the proposed IAASB assurance standard held in Asia-Pacific, North America, and Europe during 2008, and an IAASB meeting addressing this topic in December 2008.
INTRODUCTION
T he potential challenges posed by climate change are causing increasing national and international concerns. Public disclosures of greenhouse gas ͑GHG͒ 1 emissions by entities 2 are increasing for a number of reasons, including corporations' desires to demonstrate good corporate citizenship and regulatory bodies' requirements for information related to emissions reduction and emissions trading schemes ͑hereafter, ETSs͒. In this paper, we describe the benefits of having an independent assuror assure these disclosures and outline an IAASB project to develop an international assurance 3 standard on this issue. In particular, we focus on assurance of an entity's GHG statement, 4 beginning with an outline of the types of disclosures that are currently being made throughout the world. Measurement and disclosure standards for GHG statements are still evolving. As such, we discuss whether current measurement and disclosure standards provide suitable criteria to enable an assurance engagement to be undertaken.
A review of assurance standards that are currently cited in assurance reports on GHG statements follows, including those developed within and outside the accounting and assurance profession. We argue, however, that members of the profession may require more specific and detailed guidance for this type of assurance engagement, and to promote consistency of approach across jurisdictions this guidance can best be provided at the international level. The current IAASB project regarding assurance engagements on GHG statements is likely to provide this. Roundtables to discuss the development of an assurance standard for GHG emissions engagements have been held in Asia-Pacific, North America, and Europe during 2008, and we highlight some of the specific issues identified as requiring guidance. These issues include an assessment of the suitability of criteria, the level of assurance that can be provided, evidence-gathering procedures, use of the work of an expert, and the form and content of the assurance report.
THE NEED FOR GHG STATEMENTS AND RELATED ASSURANCE
Disclosure of entities' GHG emissions is particularly salient given widespread interest throughout the world about the potential economic, social, and environmental impacts of climate change ͑see, for example, Rolph and Prior 2006͒ . Sources such as the Stern Review ͑Stern 2006͒ and the report of the Intergovernmental Panel on Climate Change ͑hereafter, IPCC; IPCC 2007͒ outline the scientific evidence that "climate change presents very serious global risks, and it demands an urgent global response" ͑Stern 2006, i͒. Stern ͑2006, vi͒ concludes that "the benefits of strong and early action far outweigh the economic costs of not acting," and recommends actions focused primarily on reducing GHG emissions by adopting strategies such as carbon pricing and technological development.
An initial step in this direction is entities' disclosure of their GHG emissions to aid manage- 1 The term greenhouse gas ͑GHG͒ refers to the following gases covered by the Kyoto Protocol: carbon dioxide ͑CO 2 , the major GHG͒, methane, nitrous oxide, sulphur hexafluoride, hydrofluorocarbons, perfluorocarbons, and chlorofluorocarbons. These GHGs are often measured as carbon dioxide equivalents ͑CO 2 -e͒ Some standards and initiatives used the phrase carbon emissions interchangeably with GHG. 2 The term entity is used in draft IAASB documentation and refers to the legal or economic entity, or the identifiable portion of such an entity; for example, a single factory or landfill site, to which the emissions and removals in the GHG statement relate. 3 For the purposes of this paper, assurance will be used to describe an engagement performed by a member of the auditing profession expressing a conclusion about the outcome of the evaluation or measurement of a subject matter against criteria. This is in accordance with the definition contained in the International Framework for Assurance Engagements ͑IAASB 2004a͒. Where we are referring to specific ETSs or frameworks that use the terms verification or validation to describe a similar process, the terminology used under that ETS or framework will be used. 4 The term GHG statement is used in draft IAASB documentation and refers to a categorized listing and explanatory notes disclosing an entity's emissions and removals for a period. A GHG statement is sometimes referred to as a statement of emissions and removals, or an emissions inventory. ment, investor, consumer, and government decision making. This is particularly relevant for monitoring regulatory compliance and facilitating ETSs. Currently, GHG statements may be regulatory or voluntary, and may appear in reports to regulators, in sustainability reports, or in databases such as the Carbon Disclosure Project ͑Investor Group on Climate Change Australia/New Zealand ͓IGCC͔ 2009͒. Some entities may also include them as a note to their financial statements or as part of their annual reports. A further step toward reducing GHG emissions is the development of "cap and trade" ETSs, which allow entities to buy and sell carbon credits. The rationale behind such trading schemes is to provide market incentives for emission reductions to take place in the areas where the cost of the reduction is lowest. Thus, this mechanism facilitates overall emissions reduction at the lowest overall cost. The success of sulfur dioxide ͑SO 2 ͒ emissions trading markets in achieving substantial emissions reductions cost effectively in the United States and elsewhere in recent decades has stimulated interest in similar programs for GHG emissions ͑Johnston et al. 2008͒ . The ratification of the Kyoto Protocol's cap and trade approach to GHG emissions by all of the world's developed countries except the United States adds significant impetus to the development of regional, national, and international GHG emissions markets. Notably, U.S. climate change policy has also shifted since the election of President Obama, and the United States will play a significant role in the negotiation of a new treaty to replace the Kyoto Protocol taking place in Copenhagen in December 2009 ͑Rosenthal 2009͒. As ETSs are introduced throughout the world, well-established reporting and assurance mechanisms will assist entities to meet their obligations under such schemes.
The Benefits of Assurance
Before discussing the IAASB's development of an international standard on assuring GHG statements, it is helpful to review the benefits of assurance provided by the auditing profession. Robert Elliott, then chair of the American Institute of Certified Public Accountant's Special Committee on Assurance Services, captured this succinctly: "The audit tradition is a professional asset of incalculable value. It derives from the market-place need for high-quality, decision-making information" ͑Elliott 1997, 62͒. Given the growing pressure on entities to account for and minimize their environmental impact and "carbon footprint," including an increasing array of regulatory requirements discussed below, accurate and reliable GHG emissions information is needed.
The auditing profession is well placed to provide high-quality assurance on the information required because of, inter alia, its well-developed body of international standards and ethics, and quality control mechanisms at both the firm and the engagement levels. International standards on assurance engagements ͑ISAE͒, in particular ISAE 3000, are currently in place to support assurance engagements on GHG statements, which require not only auditing expertise but specific subject matter expertise. These include requirements to ensure that the engagement is not accepted if the engagement team does not have access to the required expertise, and that appropriate procedures are followed when using the work of experts. The reputational capital of the auditing profession will further aid public confidence in the competency and quality of assurance services provided in relation to GHG statements ͑Simnett et al. 2009͒. However, while ISAE 3000 sets standards for the provision of assurance on information other than historical financial information, it does not provide the specific requirements and guidance that, as will be discussed later, are seen to be needed for assurance engagements on GHG statements.
DISCLOSURES OF AN ENTITY'S GHG STATEMENT
A prerequisite for this type of assurance engagement is the disclosure of an entity's GHG statement. Various types of disclosures of GHG statements are observed in practice and can be assured. These include disclosures required by regulation, disclosures that are forerunners of, or are related to, ETSs, and voluntary disclosures.
Regulatory Requirements
Regulation requiring disclosure by certain entities of their GHG statements is commonly associated with policies designed to limit the overall level of emissions, or with ETSs or their forerunners. Independent assurance should enhance the reliability of such disclosures.
One example of a domestic regulatory disclosure requirement is New Mexico's mandatory GHG reporting regulations that require certain industries in that state, including power plants, oil and gas refineries, and cement plants, to report their emissions from January 1, 2008. The New Mexico regulations are similar to those developed in California under The California Global Warming Solutions Act of 2006, which from January 1, 2008, imposed mandatory reporting obligations on entities with significant GHG emissions ͑Pew Centre on Global Climate Change 2008͒. At a national level, the Canadian government introduced mandatory reporting requirements for facilities emitting the equivalent of 100,000 tonnes or more GHG per year as early as March 2004. Similarly, the Australian Government's National Greenhouse and Energy Reporting System ͑hereafter, NGERS͒, which came into effect in September 2007, makes it mandatory for Australian entities producing above set limits of carbon dioxide equivalent or consuming above set limits of energy to report annually on GHG emissions, energy production, and energy consumption ͑Aus-tralian Government Department of Climate Change 2009͒. The growing salience of mandatory reporting requirements is highlighted by the fact that, as of November 2008, 18 U.S. states had adopted regulations requiring certain GHG emitters to quantify and report their emissions ͑Pew Centre on Global Climate Change 2008͒.
Disclosures Related to Emissions Trading Schemes
In recent years, numerous emissions trading schemes, focused specifically on carbon dioxide emissions, other GHGs, or a combination thereof, have commenced in various regions throughout the world. In Europe, these include the European Union ͑hereafter, EU͒ ETS, the Dutch NOx ETS, and the United Kingdom's Carbon Reduction Commitment Scheme. In a review of the EU ETS in March 2007, EU leaders endorsed Commission proposals to cut CO 2 emissions by at least 20 percent by 2020 and to set a binding 20 percent target for the use of renewable energy sources. This target for cutting CO 2 emissions will be increased to 30 percent if global targets can be agreed on ͑EU 2007͒.
In North America a variety of trading schemes have also recently emerged, covering 27 states and provinces in the United States and Canada. These include the Regional Greenhouse Gas Initiative, the Chicago Climate Exchange, and the California Climate Action Registry ͑hereafter, CCAR͒. In the Asia-Pacific region, ETSs include Japan's Voluntary ETS, the New Zealand Emissions Trading Scheme, and the New South Wales Greenhouse Gas Reduction Scheme ͑Pricewa-terhouseCoopers ͓PwC͔ 2007͒.
Increasingly, these ETSs are expected to link and may ultimately combine into one global carbon market. This is evidenced by the creation of the International Carbon Action Partnership ͑hereafter, ICAP͒, which comprises public authorities and governments that have established or are actively pursuing carbon markets through mandatory cap and trade systems. According to the ICAP website, "Climate change is a global problem that requires global solutions … The extension of the global carbon market through linking … establishes a level playing field for covered sectors and a consistent regulatory framework across national borders" ͑ICAP 2009͒. As ETSs are introduced throughout the world, and as reporting mechanisms are established to assist entities to meet their requirements under such schemes, assurance can play a key role in improving both the quality and reliability of the disclosed information.
Voluntary Disclosures
As society pays more attention to GHG emissions, corporations increasingly desire to be, and to be seen as, good corporate citizens. For example, they may use disclosures as marketing tools, claiming their operations are, or are moving toward, "carbon neutrality" or reducing their "carbon footprint."
5 Benefits accrue to being seen as a good corporate citizen, including an appealing identity, and increasingly positive perceptions of employees, customers, suppliers, and other stakeholders who identify the corporation with its responsible and environmentally friendly side. Following reports such as the Stern ͑2006͒ report from the United Kingdom and the Garnaut ͑2008͒ climate change review in Australia, many corporations also see the economic rationale of addressing directly the issues associated with climate change and long-term sustainability. For other entities, however, the costs of voluntarily monitoring and disclosing their GHG emissions are disproportionate to the perceived benefits gained. Entities' voluntary disclosures of GHG emissions information can take many forms, including detailed sustainability reports, single statements, or press releases. To the extent that entities make public disclosures intended for an external audience, ensuring that these statements are accompanied by an independent assurance report will help the entity escape the perception that such statements or disclosures are merely "green-wash;" that is, an attempt to persuade people of an entity's sustainability credentials.
Another way in which entities may disclose their GHG emissions is through participation in various voluntary disclosure initiatives. One of the largest of these is the Carbon Disclosure Project, which is an independent nonprofit organization that seeks information on the business risks and opportunities presented by climate change and GHG emissions data from the world's largest corporations. The Carbon Disclosure Project website is said to be the largest repository of corporate GHG emissions data with over 3,000 corporations responding in 2008 ͑IGCC 2009͒.
A number of other voluntary initiatives have been set up to encourage disclosure in specific regions of the world, including Japan's Voluntary ETS and the CCAR. The CCAR has developed a General Protocol, which gives detailed guidance on how participants must disclose their GHG emissions. Participants are required to disclose emissions, both direct and indirect, for all operations in California, and are encouraged to disclose total U.S. or global emissions ͑CCAR 2009͒. As with mandatory schemes, the efficacy of these voluntary schemes depends on reliable and accurate emissions disclosures.
SUITABLE CRITERIA FOR AN INTERNATIONAL ASSURANCE STANDARD ON
GHG STATEMENTS Independent assurors are already assuring many of the different disclosures of entities' GHG emissions information outlined above. For assurance to take place disclosures must have an appropriate subject matter and be based on suitable criteria. An auditor cannot accept an engage- ment if an appropriate subject matter does not exist-in this case, the information in the GHG statements ͑IAASB 2004a, para. 17͒. For a subject matter to be considered appropriate, it must be identifiable and capable of consistent evaluation or measurement against the identified criteria. The disclosures of the subject matter must be capable of being subjected to assurance procedures so that sufficient appropriate evidence can be gathered to support the assuror's conclusion. Also available to the intended users must be suitable criteria, commonly referred to as measurement and disclosure standards or an appropriate reporting framework. Suitable criteria are the standards or benchmarks used to evaluate or measure the subject matter. They outline, for specified circumstances, what needs to be disclosed, the measurement rules for the items that need to be disclosed, and the form of the disclosure. For criteria to be considered suitable they must be relevant, complete, reliable, neutral, and understandable ͑IAASB 2004a, para. 36͒. The array of types of GHG emissions reporting outlined in the preceding section raises the issue of whether it is possible to have an international GHG emissions assurance standard without a dominant international standard for GHG emissions reporting. As with International Accounting Standards, emissions reporting frameworks need to be reasonably consistent throughout the world, especially if they are to be the forerunners of a global ETS. It is expected that an international assurance standard for GHG statements will be capable of being applied to a variety of emissions reporting frameworks that are judged to be suitable as criteria for an assurance engagement, just as the international auditing standards can be applied to a number of accounting frameworks that are considered suitable. It is therefore anticipated that the international assurance standard will include guidance as to what constitutes a suitable GHG emissions reporting framework.
Currently the accounting profession has issued no standard that comprises suitable criteria for GHG disclosures. Outside the accounting profession, a number of measurement and disclosure benchmarks may comprise suitable criteria for an assurance engagement. In 2004 the World Business Council for Sustainable Development and the World Resources Institute ͑hereafter, WBCSD and WRI͒ revised their well-received Greenhouse Gas Protocol: A Corporate Accounting 7 and Reporting Standard ͑GHG Protocol͒, which applies to GHG statements ͑WBCSD and WRI 2004͒. This Protocol spells out the principles on which it is based: relevance, completeness, consistency, transparency, and accuracy. It covers issues such as the setting of entity boundaries ͑what accountants would call defining the reporting entity͒ and operational boundaries ͑the sources of emissions that will be included͒, defining the GHGs that are covered, how these GHGs are measured and calculated, and what information about emissions should be disclosed. These are all issues that need to be clearly addressed and agreed on before criteria can be deemed to be suitable and assurance can be provided.
The GHG Protocol uses the concept of scope to delineate between different sources of GHG emissions and to aid measurement and disclosure. It introduces the terms scope 1, scope 2, and scope 3, which have become widely accepted and utilized in a number of regulations, programs, and standards, including the European ETS and the Australian National Greenhouse and Energy Reporting Scheme. Scope 1 refers to direct emissions that "occur from sources that are owned or controlled by the company, for example, emissions from combustion in owned or controlled boilers, furnaces, vehicles, etc.; emissions from chemical production in owned or controlled process equipment" ͑WBCSD and WRI 2004, 25͒. Scope 2 refers to indirect emissions from consumption of purchased electricity, heat, or steam, and scope 3 refers to other indirect emissions generated in the wider economy as a consequence of a facility's activities, but which are physically produced by others. Scope 1, 2, and 3 emissions are carefully defined in the GHG Protocol to avoid double counting across entities by ensuring that different entities will not report the same emissions in the same scope ͑WBCSD and WRI 2004͒. What is normally required under regulations and observed in practice is that entities separately measure and report on scopes 1 and 2 emissions, and many optionally report scope 3 emissions.
Another measurement and disclosure standard is ISO 14064-1, which was released by the International Organization for Standardization ͑hereafter, ISO͒ in 2006. This standard provides guidance on the quantification and reporting of GHG emissions and removals for an entity's GHG statement. It is similar to the GHG Protocol, which appears to be the leading criteria used across the world for measuring and reporting GHG statements. This view is supported by the Ethical Corporation Institute's ͑2008͒ research, which shows that for the global top 500 ͑FT500͒ companies, of the 262 companies noting a specific emissions measurement and disclosure methodology, 176 use the GHG Protocol.
The WBCSD and WRI, the ISO, and a number of other entities have also issued separate standards for measuring and reporting emission reductions under offset projects ͑WBCSD and WRI 2005; ISO 2006a͒ . Such standards may also provide guidance for the development of suitable criteria for an assurance standard on GHG statements.
The requirements contained in legislation, such as those contained in ETSs, either by themselves or in addition to other measurement and disclosure standards, can also provide suitable criteria as a basis for assurance on GHG statements. This is recognized by the IAASB in their International Framework for Assurance Engagements. The IAASB states that established criteria are "those embodied in law or regulation, or issued by authorized or recognized bodies of experts that follow a transparent due process" ͑IAASB 2004a, para. 37͒. In terms of efficiency and consistency, advantages are also associated with providing assurance services on the basis of regulatory criteria as the assuror does not have to evaluate the transparency of the due process by which these criteria were established.
An international assurance standard on GHG emissions disclosures will also need to accommodate entities that voluntarily disclose their GHG emissions in accordance with criteria that are deemed to be suitable. For example, it might be desirable for an entity to voluntarily report its emissions disclosures in accordance with regulatory criteria if those disclosures will be covered by a regulatory scheme at some time in the future. The entity may wish to provide relevant and reliable GHG emissions information to aid current decision making or to signal to the market its credentials in this area. Furthermore, the proposed assurance standard will need to take into account that more than one form of measurement and reporting criteria may be acceptable in practice. For example, the standards or benchmarks used to measure and disclose an entity's GHG emissions will vary depending on whether calculation-based or direct-measurement-based methodologies are used. This ability to accommodate different methodologies has been built into the EU ETS and is further explained below.
The EU ETS: A Tiered Approach
The EU ETS provides monitoring and disclosure standards on which assurance services under the proposed international standard could be provided. Broadly speaking, the EU ETS allows for reporting entities to transition from less precise calculation-based methodologies through to more precise calculation-based methodologies, to more specific direct measurement-based methodologies ͑European Commission ͓EC͔ 2007b, Annex IV͒. A calculation-based methodology is defined as "determining emissions from source streams based on activity data obtained by means of measurement systems and additional parameters from laboratory analyses or standard factors" ͑EC 2007b, Section 4.2 of Annex 1͒. This methodology has scope for error because of inherent uncertainty in quantifying emissions factors, coupled with uncertainty in the activity data to which they are applied. A measurement-based methodology is defined as "determining emissions from an emission source by means of continuous measurement of the concentration of the relevant greenhouse gas in the flue gas and of the flue gas flow" ͑EC 2007b, Section 4.2 of Annex 1͒. Although continuous measurement techniques are also subject to uncertainty in quantifying precise activity data, they mostly provide a greater level of accuracy of actual GHG emissions than calculationbased methodologies.
A tiered system that defines a "hierarchy of different ambition levels for activity data, emission factors and oxidation or conversion factors" underpins the functioning of the EU ETS ͑EC 2007a, 6͒. Higher tier levels correspond with higher levels of accuracy or more site-specific monitoring. The operator of a reporting entity must apply the highest tier level "unless this is technically not feasible or would lead to unreasonably high costs" ͑EC 2007b, Section 4.3 of Annex 1͒. In recognition that this field is evolving, an operator must change the monitoring methodology being used if another methodology that will improve the accuracy of the reported data is available ͑EC 2007b, Sections 4.3 and 5.2 of Annex 1͒. Thus entities are encouraged to move toward using direct measurement-based methodologies where appropriate.
A tiered approach such as the EU uses takes into account the different measurement and reporting capacities both between various countries and between reporting entities within countries. It also allows for continuous improvement in the monitoring system over time and permits a greater consideration of the costs and benefits associated with measuring and reporting these emissions for each reporting entity. An international assurance standard that accommodates a tiered monitoring and reporting framework is an appropriate response in a developing area, providing a clear roadmap for future evolution.
The Role of the Assuror in an Evolving Field
The assurance approach used in each assurance engagement will vary depending on the reporting entity's level of precision in its monitoring and disclosure of GHG emissions. For example, a first-tier calculation-based approach could involve measuring a reporting entity's level of coal consumption. A generic factor that reflects the carbon content of coal used within the relevant jurisdiction could then be applied to approximate the amount of GHGs emitted by consuming that amount of coal. The assuror's role in this instance would be to test the measured level of coal consumption and consider the appropriateness of the factor and the accuracy of its application. A second-tier calculation-based approach could involve measuring a reporting entity's level of coal consumption and then applying a formula based on the specific qualities of the coal used that affect the level of GHG emissions generated by burning the coal, such as its wetness and density. This can be determined by having a sample from a stockpile of the coal used by that reporting entity analyzed by a specialist laboratory.
8 The assuror's role in this instance would be to test the accuracy of the measured level of coal consumption and consider the appropriateness of the scientific analysis. A third-tier direct measurement approach could involve placing instruments on the chimneys and furnaces and any other outlets through which GHGs escape to measure the exact quantity of emissions. This form of measurement can be very precise, and the assuror's role would be to test whether all outlets are monitored and the instrumentation is working and calibrated, and consider the accuracy of the calculations. This tiered approach, as it is applied in the EU, requires agreement in advance between the regulator, reporting entity, and the assuror of which methodology will be used as documented in the "verification plan."
THE DEVELOPMENT OF A STANDARD FOR ASSURANCE ON GHG STATEMENTS
Having outlined the types of disclosures occurring in practice and issues surrounding suitable criteria, we will now consider current progress toward developing standards for assurance on GHG statements. At the international level, the International Standard on Assurance Engagements ͑here-after, ISAE͒ 3000 titled Assurance Engagements Other than Audits or Reviews of Historical Financial Information ͑IAASB 2004b͒ is currently used for assurance engagements of many different types of subject matter, including GHG statements. Although not designed specifically for this purpose, assurance on GHG statements was the type of engagement that was contemplated when ISAE 3000 was being developed. Figure 1 shows the structure of the requirements the auditing and assurance profession developed at the international level. This figure shows that a code of ethics governs the profession, plus quality control standards that need to be applied at the assurance firm level. These sit above the Assurance Framework ͑IAASB 2004a͒, which applies to all assurance engagements. Sitting below the Assurance Framework are standards ͑and practice statements that are not shown in the figure͒ for the assurance of historical financial information, and assurance of other than historical financial information, including GHG statements, to which ISAE 3000 applies.
The Assurance Framework and ISAE 3000 permit either of two levels of assurance to be provided. A "reasonable assurance" engagement requires that assurors collect sufficient appropriate evidence to reduce engagement risk 9 to an acceptably low level, enabling them to state in the assurance report whether in their opinion the information is materially misstated. A "limited assurance" engagement provides a lower, but still meaningful, level of assurance and involves reducing engagement risk to a level that is acceptable within the circumstances of the engagement 9 Assurance engagement risk is the risk that the assuror expresses an inappropriate conclusion when the subject matter information is materially misstated.
FIGURE 1 Structure of Auditing and Assurance Standards for the Auditing and Assurance Profession
but where that risk is greater than for a reasonable assurance engagement. This permits assurance providers to state whether anything has come to their attention that indicates that the information is materially misstated. Recognition of these two levels of assurance has now become widespread in the assurance community 10 and appears to be becoming generally understood and accepted. For example, an audit of financial information provides a reasonable level of assurance, while a review of financial information provides limited assurance.
ISAE 3000 presents the assurance provider with guidance on key stages of the assurance engagement. These include:
• ethical requirements; • quality control; • engagement acceptance; • planning; • suitability of criteria; • professional skepticism; • risk and materiality; • obtaining evidence; • using experts; • documentation; and • reporting.
As outlined above, while ISAE 3000 sets standards for the provision of assurance on information other than historical financial information, it does not provide specific guidance for assurance engagements of GHG statements. The IAASB is currently addressing this, and since December 2007 has been undertaking a new project on this topic. The scope of the project includes the development of requirements and guidance concerning the assuror's responsibilities when conducting assurance engagements with respect to GHG statements, including the form and content of the assurance report.
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Recognizing the need for emissions-specific expertise on this project, the IAASB has appointed a Project Advisory Panel consisting of 14 experts, and has held four roundtables during 2008 in Sydney, Melbourne, Toronto, and Brussels to discuss the project. Each roundtable involved about 25-30 participants, and included participants from diverse backgrounds including accounting firms and accounting bodies, government regulators and policymakers, reporting companies, nonaccounting assurors and standard setters, institutional investors, NGOs, academics, and members of the legal profession. At a meeting in Brussels in December 2008, the IAASB discussed the matters raised at the roundtables and feedback from the Project Advisory Panel. At this meeting the IAASB expressed their continuing support for developing a new International Standard on Assurance Engagements to deal specifically with assurance of GHG statements.
Although much of the development work for assurance standards is being undertaken at the international level, national standard setters have undertaken some development. At the national level, the main development work on specific assurance standards for GHG statements completed to date has been a joint effort of the American Institute of Certified Public Accountants ͑hereafter, AICPA͒ and the Canadian Institute of Chartered Accountants ͑hereafter, CICA͒. In September 2003 these accounting bodies produced what is known in the United States as Statement of Position ͑hereafter, SoP͒ 03-2 Attest Engagements on Greenhouse Gas Emissions Information.
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This statement emphasizes the importance of the criteria having the appropriate characteristics to make them "suitable." SoP 03-2 recognizes that GHG emissions can be measured in a number of ways, each having its strengths, and notes the importance of clearly disclosing to the reader what measuring system is used, what is measured, and what is excluded ͑AICPA 2003͒. As outlined earlier, reporting on GHG emissions has evolved considerably in the last few years, and there is much greater agreement today as to what and how GHG emissions should be measured and reported than when SoP 03-2 was developed.
Outside the auditing and assurance profession, at the international level, the ISO ͑2006b͒ has produced a standard, ISO 14064-3:2006, which specifies principles and requirements and provides guidance for those conducting or managing the verification of GHG statements. It can be applied to entities' quantification, monitoring, and reporting carried out in accordance with ISO 14064-1:2006. ISO 14064-3:2006 specifies requirements for selecting GHG emission verifiers, establishing the level of assurance, objectives, criteria, and scope; determining the verification approach; assessing GHG emissions data, information, information systems, and controls; evaluating GHG emissions assertions; and preparing verification statements ͑ISO 2006b͒. This standard is complemented by ISO 14065:2007, which specifies principles and requirements for bodies that undertake verification of GHG statements ͑ISO 2007͒.
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The International Emissions Trading Association ͑hereafter, IETA͒ produced the EU ETS Verification Protocol in 2005. This Protocol provides guidance to assurors, referred to as "verifiers," of GHG statements on the two issues that require verification under the EU ETS directive: whether the data in the installation's emissions report are fairly stated and whether the installation conforms with the agreed GHG permit and with its associated monitoring methodology and other relevant requirements. It provides guidance on what it identifies as the main steps in the verification process: strategic analysis, risk analysis, process analysis, and conclusion formulation and corroboration ͑IETA 2005͒. This Verification Protocol is aligned with ISAE 3000, and carries a number of references to this standard throughout the Protocol. Under a similar approach, the European Co-operation for Accreditation ͑hereafter, EA͒ has produced EA-6/03 EA Guidance for Recognition of Verification Bodies under EU ETS Directive ͑EA 2008͒. This guidance follows a similar structure to the IETA guidance, describes the main steps of the verification process, and details the expected competencies of verifiers.
Thus, a range of different standards and guidance for assurance on GHG statements are being developed throughout the world. A specific assurance standard for GHG statements developed by the IAASB would facilitate the consistency, efficiency, and comparability of assurance engagements. Here it is helpful to briefly examine the tension between "top down" and "bottom up" approaches to achieving environmental objectives. An international assurance service on GHG statements coordinated by the IAASB would result in an assurance standard at the international level that national standard setters can adopt. By contrast, under a bottom-up approach, national standard setters would develop their own assurance standard for GHG statements that can use suitable criteria, such as those provided under a national ETS. Arguments exist for and against both top-down and bottom-up approaches to accounting and assurance standards, including the certainty, cohesion, and transparency of the former, and the flexibility and specificity of the latter ͑Sunder 2007͒. Although we advocate a top-down approach spearheaded by the IAASB for the development of an assurance standard on GHG statements, the guidance around suitable criteria is expected to allow for both calculation-based and measurement-based methodologies taking into account the specific capabilities of entities and countries. In this way, the proposed international standard, while following the top-down approach, can incorporate some of the benefits of the bottom-up approach.
TECHNICAL ISSUES IN DEVELOPING A GHG EMISSIONS ASSURANCE STANDARD
The IAASB project on assurance of GHG statements is considering issues such as scoping out GHG offsets, suitability of criteria, level of assurance, evidence-gathering procedures, using the work of an expert, and the form and content of the assurance report. Next, we discuss each of these issues.
Scoping out GHG Offsets
GHG offsets, which are a feature of a number of emergent ETSs, can be defined as: Common types of GHG offset projects include renewable energy production, changes in land use, and reforestation. The Kyoto Protocol's Clean Development Mechanism allows entities in industrialized nations to achieve their domestic emissions targets under the Protocol by investing in emissions reduction projects in developing countries. Similarly, the Kyoto Protocol's Joint Implementation mechanism allows industrialized countries to invest in emissions reduction projects in a small number of other industrialized countries as an alternative to reducing domestic emissions ͑PwC 2007, 14͒.
In recent years a significant source of guidance for assuring GHG offset projects has been the Validation and Verification Manual developed by the International Emissions Trading Association and the World Bank's Prototype Carbon Fund ͑2004͒ for validation and verification of Clean Development Mechanism and Joint Implementation projects. In November 2008 the Executive Board of the Clean Development Mechanism ͑2008͒ adopted a mandatory CDM Validation and Verification Manual providing detailed guidance on the validation and verification work to be performed.
The assurance standard developed by the IAASB is expected to scope out assurance on GHG offset projects. Focusing solely on the assurance of GHG statements at this stage is suggested for two main reasons: first, because assurance of offset projects is considerably more complex than assurance of GHG statements, its inclusion would inevitably lead to undesirable delays in producing a standard on assuring GHG statements. Second, engineering and scientific uncertainties are contributing to a lack of generally accepted measurement criteria for certain types of offsets, indicating that this area may not be well suited at this stage to an IAASB pronouncement based on suitable criteria ͑Nugent 2008, 26͒.
Suitability of Criteria
As noted above, different reporting frameworks vary in certain significant respects. Given that some of those reporting frameworks are currently being used for assurance engagements, and the fact that live trades are being made based on data generated according to these criteria, it is expected that a number of them will display the characteristics of suitable criteria: relevance, completeness, reliability, neutrality, and understandability. The proposed ISAE should provide direction on how these characteristics should be applied to determine whether a particular set of criteria is suitable. Nugent ͑2008, 16-17͒ lists some elements that could be specified in the new standard to help determine whether a particular set of criteria is suitable:
• the method for determining which entities/activities will be reported;
• the GHGs to be reported; • all material scope 1 and scope 2 emissions sources; • the calculation approaches, including identification of relevant activity data and emissions factors; • the nature, cause, and effect of uncertainties in the information reported; and • changes in any "matters that materially affect the comparability of the emissions inventory ͓GHG statement͔ from the previous reporting period."
Level of Assurance
The new ISAE should consider whether both "reasonable assurance" and "limited assurance" engagements are appropriate. In addressing this issue, the project will likely evaluate the content of assurance requirements and reports for existing ETSs. It is noted that in this regard, U.S. Statement of Position 03-2 states "while a review-level service relating to an organization's GHG inventory is permissible under existing attestation standards, it is most likely that the market will ultimately demand an examination-level service" ͑AICPA 2003͒. An examination-level service equates to a reasonable assurance engagement. The view of the IAASB articulated at the Board meeting in Brussels in December 2008 is that both reasonable and limited assurance levels may have utility when assuring GHG statements. The IAASB stressed, however, that limited assurance reports should not be seen as an appropriate option merely because the subject matter of an assurance engagement is "soft," or when systems used to produce the subject matter information are immature. A new assurance standard should distinguish between the two levels of assurance on the basis of the work effort and reporting detail required ͑Nugent 2008, 8͒.
Evidence-Gathering Procedures
It is unusual for assurance standards or guidance to be overly prescriptive with regard to the evidence-gathering procedures to be undertaken for an assurance engagement. International assurance standards are usually written on a principles basis, which means they outline what is required to be achieved rather than the specific evidence that is required to be collected. They leave the how to the assuror to use their professional expertise to undertake the most efficient and effective evidence-gathering procedures. If, however, procedures are required for all assurance engagements of GHG statements, these will likely be included as a requirement of the standard. Guidance is available as to the types of evidence-gathering procedures that can be used for these types of engagements in the assurance standards and Protocols outlined above. The new ISAE will need to consider existing standards and Protocols, and review how the evidence-gathering procedures applied in the audit of financial statements-inspection, observation, inquiry, confirmation, recalculation, reperformance, and analytical procedures-can be applied in assurance engagements on GHG statements. In particular, care must be taken to assist assurors in determining the appropriate procedures for a limited-assurance engagement, as variation in approach is more likely for such engagements than for reasonable assurance engagements.
Using the Work of an Expert
The new ISAE should give attention to the need for the engagement team to include or have access to specific expertise in the evolving legal/regulatory/trading market environment; the physical processes by which GHG emissions are generated, reduced, avoided, or removed; the methods available to quantify, monitor, and report on GHG emissions and the uncertainties around these methods; and the determination of appropriate organizational and operational boundaries. Under ISAE 3000, an assurance engagement cannot be accepted unless the required subject matter expertise is included in or available to the engagement team. The profession also has welldeveloped standards in place in this regard, including the recently updated International Standard on Auditing 620 ͑Revised and Redrafted͒, Using the Work of an Auditor's Expert ͑IAASB 2009͒. The IAASB has indicated that in developing the new ISAE, consideration will be given to disclosures in the assurance report about the assurance and subject matter competencies of those performing the engagement.
Form and Content of the Assurance Report
Assurance guidance should aim to bring a degree of consistency to the form and content of assurance reports on GHG statements. Consistency of reporting, in addition to consistency of work effort, is particularly important in evolving areas of assurance to ensure expectation gaps are avoided to the extent possible. A common view at the roundtables, which was endorsed by the IAASB, is that including recommendations and advice to management in the assurance report should be strongly discouraged. Reasons for this include the potential for recommendations to confuse users as to the proper interpretation of the practitioner's conclusion, the fact that users other than management and those charged with governance are unlikely to have a sufficient understanding of the context of the engagement to be able to properly interpret recommendations, and the difficulty of identifying which recommendations, and what level of detail, should be included in the report ͑Nugent 2008, 19͒.
CONCLUSIONS AND DISCUSSION
In this paper we have outlined recent developments in relation to the assurance of GHG emissions information. A range of GHG emissions disclosures can be observed in practice. Even though measurement and disclosure criteria for GHG emissions information are still evolving, we suggest that we should not delay until the "perfect" set of criteria is developed. Rather, we have argued that a new international assurance standard on GHG emissions disclosures will need to accommodate different monitoring methodologies. Thus, as reporting entities transition from calculation-based to measurement-based methodologies, the assuror's role will also vary. Despite the changing nature of GHG emissions monitoring and reporting technologies, relevant, reliable, and unbiased information should be made available and independently assured as soon as possible so that informed decisions about GHG emissions can be made. This is particularly important as mandatory GHG reporting requirements and ETSs become increasingly prevalent throughout the world.
As developing standards and guidance on assurance transcends national boundaries, the importance of the IAASB as the international assurance standard-setting body cannot be underestimated. Although the IAASB already has the ISAE 3000 standard in place for the assurance of nonfinancial information and this standard is currently being used for assurance of GHG statements, the case is strong for a specific assurance standard on GHG statements. An IAASB pronouncement on assurance for GHG statements will provide clarity and consistency regarding the standards to be applied to these types of assurance engagements across the world, facilitating an efficient transition toward a global ETS. In this context, the deliberations of the IAASB task force regarding the development of a new ISAE on assurance of GHG statements will be eagerly awaited.
Avenues for future research in this field include understanding the market for assurance of GHG statements, involving the collection of archival data indicating the characteristics of com-panies disclosing their GHG emissions, whether these emissions are assured, and whether a member of the auditing profession is providing the assurance. This could be supplemented by additional survey-based research after the IAASB's release of the draft standard in late 2009 ascertaining whether the proposed standard will meet the needs of institutional investors, shareholders, and regulatory bodies. Additional work could be undertaken on the behavioral decision theory, including how teams with different skills and expertise make decisions, and understanding the types of evidence that is searched for and processed by assurors of GHG statements, both inside and outside the profession. The role of assurance in relation to GHG offsets is another area warranting further investigation. While it may be relatively easy to audit expenditure on offsets, it will not be as easy to assure the effectiveness over time of the offset in reducing emissions, or mitigating the effect of emissions on climate change. Significant issues include what is known as "additionality;" that is, whether the emissions reduction or mitigation would have happened regardless of the ability to sell the offset credit, and the potential for double-selling of credits given they have no physical existence.
